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Abstract

Maturation process of alfalfa (Medicago sativa L.) could be prevented by the reduction of lig-
nin content in terms of conventional breeding or transgenic technology. Alfalfa could exhibit
higher leaf/stem ratio, with a concern of yield loss. The objective of this study was to compare
forage yield and nutritive value of low lignin alfalfa and two reference varieties subjecting to
two harvest intervals and three seeding rates. The experimental design was a randomized
complete block in a split-split plot arrangement with four replicates, where harvest intervals
(28-day and 35-day) were assigned to whole plots, seeding rates were subplots, and vari-
eties were sub-subplots. The weighted mean nutritive value was applied to two production
years of 2016 and 2017. Hi-Gest 360 (low lignin alfalfa) provided similar yield potential and
increased nutritive value compared to two reference varieties. Over a two-year production
period, alfalfa harvested at every 28-day interval provided more economic returns than those
at 35-day interval. For the seeding year and first production year, five cuts made by the 28-
day interval produced more yield than four cuts by the 35-day interval. Due to limited rainfall
in May 2017, a sharp drop of the first cutting overturned the advantage of the five-cut system.
Shorter intervals between harvests generally increased crude protein (CP) concentrations.
The differences of relative feed value (RFV) between two harvest intervals tended to be great
during the first and second cuttings. Overall, harvest interval had a large effect on nutritive
value and a more significant effect on alfalfa dry matter yield than variety selection. Seeding
rate did not affect alfalfa yield and nutritive value.

Keywords: Low lignin, Alfalfa yield, Seeding rate, Nutritive values, Economic incomes

INTRODUCTION

Retaining alfalfa nutritive value along with the increase of its yield becomes the focus with the release
of low lignin alfalfa varieties. Lignin content accumulates during morphological development of plant
[1,2]. The detergent fiber system built by Van Soest [3] is the most prevalent criterion in forage-
livestock industries, and lignin is defined as the least digestible portion of fiber of the forage sample.
Cell wall digestibility altered by lignin content level stands for the nutritive value of the alfalfa [4].
Pedersen et al. [5] reviewed that the reduction of lignin content could escalate leaf/stem ratio. However,
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researchers also suspect the yield loss and lodging issue due to the decrease of lignin content.
Studies involving reduced lignin alfalfa have shown their potential to maintain forage yield in the
seeding and first production year [6,7].

Lignin content in alfalfa is proportional to non-neutral detergent fiber (NDF) fiber and acid
detergent fiber (ADF) [8]. The correlation between ADF and acid detergent lignin (ADL) has
been documented ranging from 78% to 86% [3,9,10]. Van Soest [3] estimated digestibility of the
cell wall by a linear equation regarding ADF only. A recent study involving reduced lignin alfalfa
showed that ADF, NDF and crude protein (CP) concentrations for harvesting under 40-day and
45-day intervals were similar [7].

The timing of harvests has an essential role in forage yield and quality [11]. 28-day harvesting
interval has been used for alfalfa production regarding yield and quality. Delaying from 28-day
to 35day results in yield increase and quality decline regarding alfalfa varieties without low lignin
trait. Weir et al. [12] reported alfalfa harvested at 1/10 bloom stage provided high nutritive values
regarding reasonable yield when averaging data from three production years. A study in Minnesota
has shown that alfalfa at early flower has the highest leaf yield across three locations, and harvest
intervals were 35-day and 40-day for the second and third cutting [13]. Forage yield and nutritive
values of 30-day harvest intervals shows consistent lead than those of 40-day harvest intervals for
the seeding year and the first production year [7]. Kallenbach et al. [14] suggested harvest alfalfa
five times for high quality and four times for high yield in the lower Midwest.

Concentration of CP increased with shorter harvest intervals [14,15]. Sheaffer and Marten [16]
reported that CP concentration and harvest interval had a negative relationship except for the final
cutting due to the slower growth in the late season. However, one of the previous studies has shown
that no differences in CP concentrations between alfalfa cutting at bud flower and full flower [17].

Alfalfa varieties with low lignin trait could develop a higher leaf/stem ratio or delaying plant
maturity resulting in lower lignin content compared to reference varieties [7]. Results from
an experiment in seeding year in California and Pennsylvania showed that Hi-Gest 360 and
HarvXtra-008 were similar in neutral detergent fiber concentrations digestibility (NDFD) and
relative forage quality (RFQ). However, the reduced lignin alfalfa produced less ADL compared to
the low lignin alfalfa [6].

Another suggestion for cutting alfalfa is at the 50% of the bud stage, as a trade-off between
quantity and quality of forage, based on using average quality data, the first three cuttings, or
individual cutting. In this study, we introduce the weighted mean nutritive value regarding forage
production of each cutting, and economic income (EI) index simulating the value of each cutting
based on relative feed value (RFV') and then summation.

Research from Missouri suggests that seeding rate around 17 kg ha™ have no effect on alfalfa
stand [18]. Lloveras et al. [19] found that only using seeding rate of 10 kg ha™ had little effect
on alfalfa total yield of the first three years in one of three experiments, while total yield and
stand densities of seeding rates with 20 kg ha™ were similar to those of 30 kg ha™ and 40 kg ha'.
Similar results reported by Hansen and Krueger [20] that no yield increase with 18 kg ha™ in
the second year compared with 9 kg ha™. The fineness of stems related to forage quality could be
the result of using high seeding rate [21]. Lignin, the majority polymer of cell walls, hardens and
strengthens cell walls [22]. Hi-Gest 360 was reported 7%—10% lower in lignin content than non-
selected commercial varieties [23]. Impact of the low seeding rate could be compensated by low
lignin feature of the new varieties. However, few studies have been done on evaluating the effect of
seeding rate on forage yield and quality of low lignin alfalfa variety.

Field evaluations are necessary for comprehensively understanding the performance of low
lignin alfalfa under diverse treatments. The objectives of this study were to compare forage yield and
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nutritive value of low lignin alfalfa and two reference varieties subjecting to two harvest intervals

and three seeding rates during the seeding year, the first and second production years.

MATERIALS AND METHODS

Alfalfa was seeded in 2015 and harvested in 2016 and 2017 at the Department of Agronomy
Ashland Bottom Research Farm (39.13" N, 96.63" W) near Manhattan, KS. The soil type was
Belvue silt loam (rarely flooded). Soil samples were taken and submitted to the Kansas State
University Soil Testing Lab to check soil fertility, with soil pH 7.9, 125 mg kg_1 phosphorus, and
332 mg kg’I potassium. Monthly mean maximum, minimum temperature, and monthly rainfall
data were collected for each year (Table 1) [24].

The experimental design was a randomized complete block in a split-split plot arrangement
with four replicates. The whole plots were two cutting intervals, subplots were three seeding rates,
the sub-sub plots were three varieties. The field was divided into four blocks with enough alleyway.
Each block was divided into two whole plots, and two harvest intervals were randomly assigned
to the whole plots within each block. Each whole plot was divided into three subplots, and three
seeding rates were randomly assigned to the subplots within each whole plot. Each subplot was
divided into three sub-sub plots, and three varieties were randomly assigned to each sub-sub plot.
Two cutting intervals were 28-day and 35-day and three seeding rates were 17 kg ha™, 20 kg ha
and 23 kg ha". Three alfalfa varieties, Hi-Gest 360 (low lignin), Gunner (conventional) and RR
Tonnica (roundup ready) were planted on April 29th, 2015. The first cutting of alfalfa under 28-day
interval in each year were determined when alfalfa plant reached the height of 60 cm or at the late
bud stage, and 35-day intervals were seven days later following the early cut.

'The harvesting was performed 3 cm high from soil level by a flail type forage harvester. The area
of each plot was 1 m x 4.5 m. Samples were collected, placed into paper bags, and put in a cooler;
bags were taken out of the cooler, weighed, and placed in a dryer at 60°C for 72 hours and dried to
constant weight to determine percent moisture (dry matter) and dry matter yield.

Dried alfalfa samples were ground through a 1 mm Wiley mill and analyzed for CP, ADF,
and NDF concentrations. CP concentrations for subsamples were determined by measuring

Table 1. Mean maximum and minimum air temperatures (°C) and rainfall (mm)

2015 2016 2017
Month Max temp. Min temp. Rainfall Max temp.  Min temp. Rainfall Max temp.  Min temp. Rainfall
January 6.9 -8.1 221 45 -6.1 12.7 6.4 -5.1 24.9
February 4.0 -89 10.2 11.8 -3.0 10.2 134 -1.1 11.9
March 16.4 -0.3 43 18.2 24 1.2 15.5 26 106.9
April 20.6 7.3 67.6 21.3 7.7 2146 19.4 76 126.8
May 23.0 12.3 218.7 23.7 1.3 177.3 24.7 11.2 96.8
June 311 18.6 107.2 335 19.5 394 31.0 17.2 71.6
July 31.9 20.8 128.0 324 21.2 155.0 334 20.5 338
August 304 17.2 81.0 304 19.6 185.7 28.6 16.0 154.7
September 20.6 7.3 67.6 28.5 16.0 105.7 291 15.0 20.6
October 224 7.6 15.5 243 9.4 704 21.2 7.2 93.0
November 20.6 7.3 67.6 17.4 35 7.6 14.1 0.7 23
December 9.4 -2.0 82.8 5.6 =71 211 6.4 -5.8 2.8
Ave/Tot 19.8 6.6 8726 21.0 79 1,010.9 20.3 7.2 746.1

Ave, annual average temperature; Tot, total rainfall.
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total N content using the micro-Kjeldahl technique outlined by Wall and Gehrke [25] and then
multiplying total N percentages by 6.25. ADF and NDF concentrations for subsamples were
determined using the wet chemistry methods reported by Van Soest et al. [26].

The RFV index determines digestible dry matter (DDM) of the alfalfa from ADF and estimates
the dry matter intake (DMI) potential from NDF [27]. In this study, average CP, ADF, NDE, and
RFV were the weighted mean and calculated as follows:

n

Z(x‘vy[)

i= = n

5
n represents harvesting times, y is the dry matter production for the ith cutting, and «; represent the
nutritive values for the ith cutting. The application of the weighted mean takes consideration of the
yield when combining all cuttings.

Alfalfa was valued at $1.00/point RFV, which was based on the Kansas Hay market Report
(Source: Kansas Department of Agriculture, http://www.ams.usda.gov/mnreports/DC_GR310.
txt). Economic incomes (dollar/ha) were equal to the relative value times forage production of each
harvesting.

Data were analyzed using the GLIMMIX procedure in SAS 9.04 (SAS Institute, Cary, NC).
'The experimental unit is the single plot, and statistical significance was set at p < 0.05. The analysis
of the seeding year (2015), first production year (2016), and the second production year (2017) was
completed separately. Block was a random effect; harvest interval, seeding rate and variety were
fixed effects. For 28-day interval, there were four cuts in 2015 and five cuts in 2016 and 2017; 35-
day interval, there were three cuts in 2015 and four cuts in 2016 and 2017. Yield data were collected
for three years, nutritive data only included 2016 and 2017. Multiple comparisons were performed

on significant effects using the Bonferroni test.

RESULTS AND DISCUSSION

Weather information

Mean monthly air temperature for the 2015 summertime tended to be cooler than the 2016 and
2017 summertime (June to August) (Table 1). Rainfall from April to September contributed 77%,
87% and 68% of total rainfall in 2015, 2016 and 2017, respectively. Average monthly maximum air
temperature from June to Aug was 32.1°C, which was 1°C higher compared to 2015 and 2017. In
2017, daily rainfall during June, July, and August occurred less frequently compared to the previous
two years.

Forage dry matter yield
Harvest interval affected dry matter yield across three years (Table 2). For the seeding year and first
production year, five cuts made by 28-day interval produced more yield than four cuts by the 35-
day interval. However, the inadequate rainfall in May 2017 affected the first cutting overturning the
advantage of the five-cut system (Table 3 and 4). With limited regrowth of alfalfa before the first
cutting due to unfavorable weather condition, alfalfa production for the first and second cutting was
abolished by short intervals (Table 4).

'The effect of variety only pronounced during the seeding year in 2015 with the higher yield of
RR Tonnica compared with the yield of Hi-Gest 360. Three varieties did not show a significant
difference in yield in the first and second production year (Table 3). The research comparing
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Table 2. A p-values from mixed model analysis for the effect of harvest interval, seeding rate and variety and their interactions

Yield CP ADF NDF RFV El
Effect 2015 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
HI o * - . . * - - . o - o NS
SR NS NS NS NS NS NS NS NS NS NS NS NS NS
HI x SR NS NS NS NS NS NS NS NS NS NS NS NS NS
\ * NS NS NS NS b * * > = = NS NS
HIxV NS NS * NS NS NS NS NS NS NS NS NS NS
SRxV * NS NS NS NS NS NS NS NS NS NS NS NS
HIxSRxV NS NS NS * NS NS NS * NS * NS NS NS

*p <0.05, *p <0.01.

CP, crude protein; ADF, acid detergent fiber; NDF, neutral detergent fiber; RFV, relative feed value; El, economic income; HI, harvest interval; NS, not significant; SR, seeding rate; V,

variety.

1102 | https://www.ejast.org

Table 3. Dry matter yield for alfalfa under different treatments in 2015, 2016 and 2017

Treatment 2015 2016 2017 Total

Harvest interval (Mg ha™)

28-day 5.83" (4-cut) 12.93° (5-cut) 10.24° (5-cut) 29.00

35-day 4.99" (3-cut) 11.35° (4-cut) 12.58° (4-cut) 28.92

SE 0.15 0.33 0.27 0.53
Seeding rate

17 kg ha™ 5.36 12.28 1.21 28.85

20 kg ha™ 5.40 12.15 11.72 29.26

23kgha™ 5.48 12.28 11.29 28.77

SE 0.16 0.32 0.23 0.48
Variety

Hi-Gest 360 5.28° 12.23 11.32 28.83

Gunner 5.31% 12.21 11.65 29.18

RR Tonnica 5.65° 11.98 11.25 28.88

SE 0.14 0.27 0.23 0.46

2*Different letters are significant at p < 0.05.

reduced lignin with reference varieties in Minnesota, U.S. has concluded that varieties showed little
differences in forage dry matter yield in the first production year [7]. Hansen and Krueger [20]
showed that yield differences among varieties were observed in the first and second years. Moreover,
Kallenbach et al. [14] reported more significant effects of variety on alfalfa yield except the third
year of a five-year study.

In 2016, alfalfa yield of the 28-day interval tended to be low in the first cutting, higher for the
second and the third cutting, and low again for the fourth and fifth cutting. In 2017, limited rainfall
during June and July attributed to relatively low alfalfa yield under 28-day interval, and the trends
of the 35-day interval (4-cut) were similar in both years. Several studies have documented similar
yield fluctuations at St. Paul, Minnesota and southwest Missouri [14,28]. For a shorter interval, a
sharp production drop in the late cutting agrees with the results from a previous study comparing
four harvest intervals of alfalfa with irrigation in California [12]. Newman and Justen [23] suggest
that the first cutting of reduced lignin alfalfa might follow either when plant reaches a height of 60
cm or the same time producers harvest other conventional varieties.

Harvest interval and variety interaction differed in alfalfa yield in 2017 (Table 2). The yield

increase rate of RR Tonnica was less than the increase rate of Hi-Gest 360 and Gunner from the

https://doi.org/10.5187/jast.2021.e97
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Table 4. Forage production at each cutting for alfalfa under different treatments in 2015, 2016, and 2017

Treatment

Harvest interval (Mg ha™)

28-day
35-day
SE

Seeding rate
17 kgha™
20 kg ha™
23kgha™
SE

Variety
Hi-Gest 360
Gunner
RR Tonnica
SE

2015 2016 2017

Cut1 Cut2 Cut3 Cutd Cut1 Cut2 Cut3 Cut4 Cutb Cut1 Cut2 Cut3 Cut4 Cutb
0.90 1.86° 169 113 272 331° 267" 226° 157 251° 2.25° 2.28° 1.56° 1.64
0.89 2107 2.00° - 3.12 374 298¢ 191° - 3.54° 3.77° 279° 2477 -
0.03 0.09 0.07 - 0.20 0.11 0.07 0.06 - 0.15 0.12 0.06 0.09 -
0.88 1.96 1.83 1.07 3.01 3.55 2.82 2.10 1.60 2.90 3.03 2.48 1.98 1.66
0.89 2.01 1.83 1.21 2.89 3.54 2.80 2.1 1.61 3.18 3.09 2.55 2.05 1.68
0.91 1.99 1.88 1.1 2.86 3.48 2.85 2.05 1.51 2.98 2.92 2.58 2.01 1.59
0.04 0.10 0.08 0.06 0.20 0.11 0.07 0.05 0.05 0.14 0.12 0.06 0.07 0.08
0.88 1.88° 174 1.08 2.93 3.61 275 2.15 1.59 3.09 2.94 2.48 1.99 1.62
0.86 1.95® 187 1.16 3.01 3.49 2.89 2.06 1.52 3.15 3.07 2.59 2.03 1.63
0.93 2.11° 1.93 1.15 2.83 3.46 2.84 2.05 1.61 2.82 3.03 2.53 2.03 1.68
0.04 0.09 0.08 0.06 0.16 0.11 0.07 0.05 0.04 0.15 0.12 0.06 0.07 0.07

2*Different letters are significant at p < 0.05.

https://doi.org/10.5187/jast.2021.e97

28-day to 35-day (Fig. 1). The results at southwest Missouri also suggest that interactions between
variety and harvest frequency were not significant for any year [20]. This indicates that harvest
management strategies should be similar among different varieties if the higher yield is the goal of a

producer.

2017

R

= Variety
50

b= L

=

e

>

Harvest Interval

Fig. 1. Interaction plot for dry matter yield among three varieties under two harvest intervals in 2017.
Variety 1, Hi-Gest 360; Variety 2, Gunner; Variety 3, RR Tonnica; Harvest interval 1, 28-day; Harvest interval 2,
35-day.
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There was no harvest interval x seeding rate x variety interactions for dry matter yield in 2015,
2016 and 2017, respectively (Table 2). Two-way interactions were observed in 2015 and 2017.
Combining the highest seeding rate and RR Tonnica provided the highest dry matter yield in 2015
(Fig. 2). Sund and Barrington [29] reported that dry matter yields were only observed increasing
proportionally to the seeding rate (up to 32 kg ha™) in the seeding year. Another previous study has
indicated that the seeding year dry matter yield increases as the seeding rates increased up to 17 kg
ha” with irrigation and 13.5 kg ha™ under dryland [20]. In the seeding year, seeding rate had an

effect on dry matter yield of alfalfa with irrigation or under favorable weather condition.

Crude protein

Short harvest interval consistently increased average CP concentration from all cuttings in both
production years (Table 5). Harvest interval increasing CP concentration was found for the third
cutting in 2016 and the second and fourth cutting in 2017. The effects of harvest interval were
more consistent in 2017, and differences between harvest intervals tended to be great. That was
due to limited rainfall before the growing season, and alfalfa plant were less mature due to the slow
regrowth under the short harvest interval.

Our results are consistent with reports on the effect of harvest intervals on alfalfa CPs [15,16].
Shorter intervals between harvests decreased CP concentrations. Grev et al. [7] found that harvest
intervals had a greater effect on CP concentration than the effect of varieties across four locations
in Minnesota. The patterns of CP concentrations trends of alfalfa under 28-day and 35-day
intervals were similar except 28-day interval in 2017 (Table 6). This agrees with findings from the
previous studies [14]. CP concentration for the first cutting in 2017 under 28-day harvest interval
was reduced due to the extremely low rainfall before the first cutting (Table 1). Peterson et al. [30]
reported that CP level increased due to drought.

2015

~
T

2 Variety
50

= |

<

= -

8

>

20
Seeding Rate (kg ha™)

Fig. 2. Interaction plot for dry matter yield among three varieties at three seeding rates in 2015. Variety 1,
Hi-Gest 360; Variety 2, Gunner; Variety 3, RR Tonnica.
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Table 5. Crude protein, acid detergent fiber, neutral detergent fiber, relative feed value for alfalfa under different treatments in 2016 and 2017

Treatment 2016 2017
CP ADF NDF RFV CP ADF NDF RFV

Harvest interval (g kg™

28-day 175° 364° 453° 127° 206° 330° 411° 145°

35-day 169° 393° 498° 111° 190° 361° 450° 128°

SE 24 43 38 14 1.8 34 43 1.7
Seeding rate

17 kg ha™' 171 382 479 17 200 345 429 137

20 kg ha™ 173 379 473 119 197 346 431 136

23 kg ha™ 172 375 474 120 198 346 432 136

SE 26 46 44 1.6 2.1 37 4.1 1.7
Variety

Hi-Gest 360 174 372° 471° 1217 200 338° 419° 1417

Gunner 169 387° 4837 115° 196 348* 4347 134°

RR Tonnica 173 376 472° 120% 199 351° 4387 133°

SE 26 42 44 15 2.1 3.7 4.1 2.1

2*Different letters are significant at p < 0.05.

CP, crude protein; ADF, acid detergent fiber; NDF, neutral detergent fiber; RFV, relative feed value.

Table 6. Crude protein at each cutting for alfalfa under different treatments in 2016 and 2017

Treatment 2016 2017
Cut1 Cut2 Cut3 Cut4 Cut5 Cut1 Cut 2 Cut3 Cut4 Cut5

Harvest interval (g kg™")

28-day 189 155 176° 172° 182 196 206" 206 218° 208

35-day 186 147 160° 183" - 192 170° 196 199° -

SE 44 4.0 79 3.6 - 43 27 29 3.2 -
Seeding rate

17 kg ha™' 184 152 168 177 180 197 195 201 210 208

20 kg ha™ 188 151 169 179 186 190 182 206 208 204

23 kg ha™ 189 150 168 176 181 195 189 196 208 214

SE 5.1 49 8.2 4.1 5.3 4.8 32 33 3.9 33
Variety

Hi-Gest 360 190 148 174 179 187 189 192 205 211 21

Gunner 186 152 162 174 177 193 184 198 206 208

RR Tonnica 185 154 169 180 182 200 189 200 208 206

SE 42 49 8.2 4.1 5.3 4.8 3.1 3.1 3.6 33

2*Different letters are significant at p < 0.05.

https://doi.org/10.5187/jast.2021.e97

Harvest interval x seeding rate x variety interaction was observed in 2016 (Table 2). Results
showed that more differences among the three varieties were observed in two harvest intervals (Fig.
3). Under 28-day interval (5-cut), RR Tonnica with the lowest seeding rate provided the highest
yield and that was difterent from the other variety and seeding rate combinations. However, under
the 35-day interval (4-cut), the effects of the lowest seeding rate on CP concentration of RR

Tonnica tended to be decreased compared to the other two varieties.

Acid detergent fiber
In 2016, ADF concentrations fluctuated in an 80 g kg'1 range from the first cutting to the fifth

https://www.ejast.org | 1105
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2016 - 28-day Interval 2016 - 35-day Interval
220 220
2004 200
fﬁ fﬂ Variety
1801 o, 180 m
9 I -9 N
& o 3
160 160
140+ 140
17 20 23 17 20 23
Seeding Rate (kg ha™") Seeding Rate (kg ha™)

Fig. 3. Interaction plots for CP concentrations among three varieties at three seeding rates in 2016. Variety 1, Hi-Gest 360; Variety 2, Gunner; Variety 3,

RR Tonnica; CP, crude protein.
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cutting under 28-day interval and an 80 g kg™ range from the first cutting to the fourth cutting
under 35-day interval (Table 7). However, in 2017, both the ranges under two harvesting intervals
fluctuated less. ADF concentrations of 28-day interval tended to be low in the first cutting,
higher during summer time, and low again for the last cutting in 2016. These trends for ADF
concentration by cutting among treatments were similar to the results by Kallenbach et al. [14]. In
2017, drought led to slightly higher ADF concentrations attributing a zig-zagged trend of ADF
throughout cuttings.

Recent studies have reported that reduced lignin alfalfa varieties (HarvXtra technology)
produced 4 to 20% less ADL content compared with reference varieties [7,31]. Hi-Gest 360
with conventional breeding technology contains 7% to 10% less lignin content [23]. Our results
demonstrate a 4% reduction in ADF during the first and second production years.

Hall et al. [32] reported that higher forage quality of improved varieties were more pronounced
during the first two cuttings. However, comparing ADF concentrations for each cutting in this
study, the one-week delay did not always account for the higher ADF concentration of short
interval, due to variable weather conditions. The average ADF concentration was calculated as
weighted mean regarding alfalfa production by cutting, which showed consistent differences in
2016 and 2017.

No significant two-way and three-way interactions were observed in the average ADF
concentration in 2016 and 2017. The 28-day interval (5-cut) increased average ADF concentration
in both years compared to the 35-day interval (4-cut). Hi-Gest 360 was equivalent to or lower in
average ADF concentration in the first and second production years than the other two varieties

(Table 7). Seeding rates did not differ significantly for ADF concentration.

https://doi.org/10.5187/jast.2021.e97
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Table 7. Acid detergent fiber at each cutting for alfalfa under different treatments in 2016 and 2017

Treatment 2016 2017
Cut1 Cut2 Cut3 Cut4 Cut5 Cut1 Cut2 Cut3 Cut4 Cut5

Harvest interval (g kg™")

28-day 334° 414 342° 375 340 348 320° 337 314° 321

35-day 405° 393 412° 342 - 360 376° 361 336° -

SE 8.2 7.6 9.2 13.0 - 9.2 6.9 6.0 7.3 -
Seeding rate

17 kg ha™' 375 408 380 354 346 350 350 350 323 324

20 kg ha™ 366 410 376 361 341 358 350 345 325 321

23 kg ha™ 368 393 3.75 360 332 354 345 353 327 319

SE 74 9.3 104 13.3 9.6 95 7.8 6.2 84 74
Variety

Hi-Gest 360 367 410 369 332 330 338° 341 350 314 308

Gunner 365 410 393 379° 343 353* 355 348 329 329

RR Tonnica 377 391 368 365® 346 370° 348 350 333 326

SE 7.0 8.2 104 12.6 9.6 94 7.8 6.2 7.6 74

2*Different letters are significant at p < 0.05.

https://doi.org/10.5187/jast.2021.e97

Neutral detergent fiber

Harvest intervals showed significant differences in average NDF concentrations of each cutting in
2016 and 2017 (Table 2). Averaged over two-year data, NDF concentrations for alfalfa under 28-
day interval (5-cut) were approximately 40 g kg lower than those under 35-day interval (4-cut)
(Table 5).

More fluctuation was observed for NDF concentration under 28-day interval in 2016 and 2017
(Table 8). A decrease of NDF concentration under 35-day interval at the fourth cutting existed in
2016 and 2017 regardless of different weather patterns of two years. Generally, NDF differences
between two harvest intervals were larger at the first or second cutting than at the fourth or fifth
cutting.

There was a significant difference in NDF among varieties in two production years (Table 5).
Hi-Gest 360 was 12 g kg& lower than Gunner in 2016 and was 15 g kgl lower than Gunner and
19 g kg lower than RR Tonnica in 2017. Variety effect was not consistent throughout the growing
season. Data of each cutting in 2016 and 2017 suggest that low lignin variety tends to produce
alfalfa with lower NDE especially for the later cuttings (Table 8). Three varieties all showed the
same patterns throughout all cuttings, NDF concentrations were higher in the first, second, and
third cutting, and decreased for the fourth and fifth cutting. In Table 8, NDF concentrations of
variety section were the average of two harvest intervals for the first to the fourth cutting. NDF
concentrations for the fifth cutting only represented the 28-day interval. Previous studies have
documented that NDF increases more rapidly in spring than in late summer [14,28,32].

Only the first three samples cut were used to determine alfalfa forage for a four-year study
in southern Italy [17]. NDF concentrations in the second and third production years showed
differences but no difference in NDF concentration on average of the two years. Our results could
be an alternative way of evaluating forage quality on average of each cutting within a year. Moreover,
weather variations likely contributed to the differences in NDF concentration among years, also
morphological development (i.e., leaf /stem ratio, the mean stage count) of alfalfa plant could be
affected by those weather changes when applying the fixed length of harvest intervals [28,32].

Differences of NDF concentrations among varieties across three locations were less pronounced
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Table 8. Neutral detergent fiber at each cutting for alfalfa under different treatments in 2016 and 2017

Treatment 2016 2017
Cut1 Cut2 Cut3 Cut4 Cut5 Cut1 Cut2 Cut3 Cut4 Cut5

Harvest interval (g kg™")

28-day 407° 496 443 475 432 435 396° M3 395° 407

35-day 504° 493 527° 453 - 461 466° 439° 418° -

SE 79 9.1 8.6 8.2 - 17.4 5.7 6.1 6.0 -
Seeding rate

17 kg ha™' 461 496 488 466 438 443 431 426 405 414

20 kg ha™ 453 497 481 461 437 449 433 421 407 405

23 kg ha™ 453 492 486 463 420 452 430 431 406 402

SE 8.5 1.1 10.0 8.8 10.1 14.4 6.7 71 7.2 6.3
Variety

Hi-Gest 360 456 503 476 441° 426 424° 422 424 392° 396"

Gunner 453 500 499 4837 431 451% 439 425 410® 419°

RR Tonnica 457 482 480 467* 438 470° 433 428 416° 406™

SE 8.5 1.1 9.8 8.8 10.1 14.4 6.5 7.0 6.9 6.3

2*Different letters are significant at p < 0.05.
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during both the seeding year and first production year [7]. In a multi-location study, Undersander
et al. [6] reported that there was no difference in NDF concentrations between Hi-Gest 360 and
HarvXtra-008 in the seeding year.

Harvest interval x seeding rate x variety interaction was significant in 2016 for NDF
concentration (Table 2). Patterns for NDF fluctuation of variety and seeding rate combinations
under 28-day interval was different from those under 35-day interval (Fig. 4). More differences of
NDF concentrations among the three varieties were observed at low and high seeding rates under
the 28-day interval. Inversely, more differences of NDF concentrations among the three varieties

were observed at the medium seeding rate under 35-day interval.

Relative feed value

Varieties showed small differences in REV (Table 5). Average over two production years, REV for
alfalfa harvested five times (28-day) was 16.5 higher than those were when harvesting four times
(35-day) (Table 5). Our data suggest that Hi-Gest 360 produces alfalfa with higher RFV than the
other two non-low lignin varieties. Producers aiming to make higher quality hay using low lignin
alfalfa will have to choose the shorter harvest intervals in Kansas or places with similar weather
conditions to Kansas.

'The differences of RFV between two harvest intervals tended to be great during the first and
second cutting (Table 9). RFV differences between two harvest intervals ranged from 2 to 37 in
2016, less differences in 2017 (8 to 31). Large differences of REV occurred in the earlier cuttings.

In 2016, the lowest RFV happened at the seconding cutting for the 28-day interval, and at
the third cutting for the 35-day interval. However, in 2017, the lowest REV happened at the first
cutting for the 28-day interval, and at the seconding cutting for the 35-day interval. Changes of
RFV during a growing season suggest that weather had large effect on forage nutritive value at the
second or third cutting due to summer slump.

The RFV index is a widely used in forage-livestock industries, representing both digestibility
and intake potential of forage product [27,33]. However, the weighted REV of each cutting takes
consideration of the yield of each cutting and provides a more comprehensive way to review the
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Fig. 4. Interaction plots for NDF concentrations among three varieties at three seeding rates in 2016. Variety 1, Hi-Gest 360; Variety 2, Gunner; Variety 3,
RR Tonnica; NDF, neutral detergent fiber.

Table 9. Relative feed value at each cutting for alfalfa under different treatments in 2016 and 2017

2016 2017
Treatment
Cut1 Cut2 Cut3 Cut4 Cut5 Cut1 Cut2 Cut 3 Cut4 Cut5
Harvest interval
28-day 1447 109 1337 118 135 134 1517 142° 1537 147
35-day 107° 1M 101° 130 - 126 120° 130° 140° -
SE 3.1 3.1 3.7 41 23 6.3 27 27 29 1.9
Seeding rate
17 kg ha™ 123 109 17 123 132 132 135 136 148 144
20 kg ha™ 126 108 119 124 134 128 135 138 147 147
23 kg ha™ 127 113 115 124 140 130 137 134 146 149
SE 32 3.7 43 41 47 54 3.1 3.1 35 31
Variety
Hi-Gest 360 126 107 120 134° 140 139° 140 137 154° 152°
Gunner 127 108 11 116° 135 129% 132 136 145% 142°
RR Tonnica 123 115 120 122% 132 122° 134 135 142° 146®
SE 3.0 3.7 41 4.1 4.7 54 3.1 3.0 34 3.1
2*Different letters are significant at p < 0.05.
quality of all cuttings.

https://doi.org/10.5187/jast.2021.e97

RFV approximates digestible energy intake potential of forages with some variations coming
from the real intake capacity from livestock and digestibility of NDF [34,35]. The major problem of
RFV is underestimated the DMI of grasses [33]. This study only dealt with alfalfa varieties so the
comparison of RFV should be applicable.
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No significant two-way interaction terms were observed in REFV. Harvest interval x seeding
rate x variety interaction was significant in 2016 for RFV (Table 2). Patterns for REV fluctuation
of variety and seeding rate combinations under 28-day interval were different from those under
35-day interval (Fig. 5). More differences of REV concentrations among the three varieties were
observed at seeding rates of 17 and 23 kg ha™ under the 28-day interval. Inversely, more differences
of RFV concentrations among the three varieties were observed at a seeding rate of 20 kg ha

under 35-day interval. This result was as expected due to the similar trends found in NDF (Fig. 4).

Economic incomes
For the 28-day interval, EI approximately decreased from 448 dollars/ha for the first cutting to 212
dollars/ha for the fifth cutting in 2016. Due to weather variations in 2017, RE'V reached the peak
at the seconding cutting (339 dollars/ha) and hit the bottom at the fourth cutting 237 dollars/ha.
However, for the 35-day interval in two years, EI tended to increase from the first cutting to second
cutting, and then generally decreased throughout the rest two cuttings. Most valuable production
under the 35-day interval was from the second cutting. Our data indicate that EI from each cutting
of 4-cut system was higher than EI from each cutting of 5-cut system in 2017. Extra cutting of
5-cut system might not guarantee more incomes to surpass 4-cut system under different weather
conditions. The below average rainfall during May, June and July in 2017 reduced production for
the second, third and fourth cutting in the five-cut system (28-day) and directly decreased the
contribution of EI similar to the four-cut system (35-day). However, total EI of the first and second
production years justified the advantage of low lignin variety.

"There were no differences among annual EI of the three varieties each year (Table 10). EI were
greater for Hi-Gest 360 compared to Gunner for the fourth cutting in 2016 and were greater
compared to RR Tonnica for the first cutting in 2017. Numerically, Hi-Gest 360 provided highest

2016 - 28-day Interval 2016 - 35-day Interval
160 160
140 140
> > ariety
E 120 : 120 H
[
3
100 100
80 80

17

20 23

17 20 23
Seeding Rate (kg ha™") Seeding Rate (kg ha™")

Fig. 5. Interaction plots for RFV among three varieties at three seeding rates in 2016. Variety 1, Hi-Gest 360; Variety 2, Gunner; Variety 3, RR Tonnica;

RFV, relative feed value.
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Table 10. Economic income at each cutting and total for alfalfa under different treatments in 2016 and 2017

Treatment 2016 2017 Total
Cut1 Cut2 Cut3 Cut4 Cut5 Annual Cut1 Cut2 Cut3 Cut4 Cut5 Annual
Harvest interval (Dollars)
28-day 448° 357° 354° 268 212 1,640° 336 339" 324 237° 240 1,476  3,116°
35-day 290° 452° 289" 274 - 1,305 402 468° 333 336° - 1,540 2,845
SE 19.7 17.2 10.5 12.0 45 38.7 23.9 111 12.8 13.8 5.1 35.7 71.3
Seeding rate
17 kg ha™' 374 409 319 275 212 1,483 352 416 314 276 239 1,478 2,960
20 kg ha™ 373 3% 325 279 214 1,479 385 404 338 298 247 1,549 3,027
23 kg ha™ 361 412 319 259 21 1,456 372 390 335 285 233 1,498 2,954
SE 19.8 211 12.5 14.7 6.8 446 274 13.6 15.6 14.0 85 344 60.4
Variety
Hi-Gest 360 376 392 321 298° 221 1,497 405° 395 325 297 247 1,545 3,042
Gunner 379 400 306 24° 205 1,484 372 401 334 281 230 1,502 2,939
RR Tonnica 352 422 337 266 212 1,437 331° 415 328 282 242 1,477 2,961
SE 18.0 20.3 11.1 11.6 6.8 34.0 21.2 13.6 12.3 14.0 85 321 59.3

Different letters are significant at p < 0.05.

https://doi.org/10.5187/jast.2021.e97

incomes in both 2016 and 2017. Our results suggest that harvest interval combining weather
condition play a critical role in profitability of alfalfa production.

No significant interaction terms were observed for EI in 2016 and 2017. In 2016 and combining
data from two years, harvest interval had a significant effect on EI. In 2017, harvest intervals,

seeding rates, and varieties did not affect EI (Table 10).

CONCLUSION

The combination of variety, seeding rate, and harvest interval determined forage yield, nutritive
value and EI of a certain management practice. It appears that Hi-Gest 360 (low lignin alfalfa) can
provide similar yield potential and increased nutritive value compared to two reference varieties.
Harvest interval had a large effect on forage quality and a greater effect on forage yield than variety
selection. Under different harvesting system (5-cut, 28-day interval vs 4-cut, 35-day interval), the
seeding rate and variety combination differed in CP and NDF concentrations, and REFV in 2016.
'The interactions of seeding rates and varieties had an effect on dry matter yield in the seeding year.
In the seconding production year, under drought condition, yield differences between 28-day and
35-day interval of three varieties were not consistent. Based on two-year data, harvest interval had
a large effect on nutritive value and a more significant effect on alfalfa dry matter yield than variety
selection. Seeding rate did not affect alfalfa yield and nutritive value.
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